Conceptual Model on Regional Natural Disaster Risk Assessment  by Du, Xiaoyan & Lin, Xiaofei
 Procedia Engineering  45 ( 2012 )  96 – 100 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.127 
2012 International Symposium on Safety Science and Technology 
Conceptual model on regional natural disaster risk assessment 
DU Xiaoyan*, LIN Xiaofei 
Institute of Architectural Engineering, Anhui University of Technology, Maanshan 243032, Anhui, China 
Abstract 
With the growth of population and urbanization, the regional natural disaster has become a more critical problem. How to understand the 
risk of natural disaster and assess regional natural disaster is important. Natural disaster’s risk assessment is often thought difficult and 
complicated. Based on risk theories, in this paper, elements of natural disaster risk are classified. According to this, we set a conceptual 
risk model for regional natural disaster which briefly separates assessment course into three procedures: hazard analysis; vulnerability 
assessment and risk assessment. And for each procedure, different techniques or mathematical models are suggested to adopt according to 
their different purposes which would make the assessment course feasible and reasonable. It is hoped that the study could be a metric for 
prioritizing strategies for regional disaster mitigation or planning.  
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
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1.Introduction 
Recently, regional natural disaster losses have been increasing year by year especially in developing and less developed 
countries. According to the data in 1991 published by the United Nations Disaster Relief Office, 1960–1990, the world has 
300 million people died from natural disasters , of which about three-quarters was in Third World countries , developed 
countries just accounted for only 0.75%, and the rest occurred in the moderately developed countries .Similar disaster has 
different consequences in different regions. Making sure that what a relationship exists between natural disaster and human 
beings and how to deal with the relationship may be an effective way to resolve disaster losses especially for less developed 
countries. 
In the field of natural disaster research, it is generally accepted that natural disasters are the geophysical processes of 
extreme events, natural phenomena, belonging to natural variation of Earth's environment[1-2]. This awareness results in 
disaster research and practical applications more focus on natural disaster’s natural attributes, formation mechanism and 
induced conditions. The occurrence of disaster is natural, absolute. We can not eliminate the occurrence of this phenomenon, 
but we can make sure consequences within the acceptable level. 
Risk assessment of natural disaster has been increasingly considered as an effective tool. Compared with post-disaster 
supporters, which may miss the opportunity of sustainable risk reduction and transition to a risk-conscious society, risk 
assessment can address the root causes and reduce the losses of lives and economic assets before disaster occurs. However, 
years ago, natural disaster was just considered as some natural phenomena resulting from irregularities of earth’s 
environment; and the job of risk assessment was only focused on the occurrence probability of some hazard, but not 
disaster[3]. Since 1980s, the role played by humans has begun to receive more and more attentions. Now, it is often 
described or measured under the term vulnerability, defined as “the conditions determined by physical, social, economic and 
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environment factors or processes, which increase susceptibility to the impact of hazards”[4]. That is to say, a natural 
phenomenon becomes a hazard when it has the potential of inflicting damage or economic and social losses on people. And 
only when the impacts exceed the normative level, hazard rises to disaster. Therefore, the disaster risk is virtually a function 
of the hazard itself coupled with societal vulnerability[5]. 
2.Elements of natural disaster risk 
2.1.Risk  
One difficulty in evaluating the risk of natural disaster lies in the different meanings given to the term “risk”. Finding 
agreement upon methods of measurement and evaluation is especially hard where basic disagreement exists upon what a 
risk is. The definition of risk relates to natural science, political, economic and other fields. There has not been a widely 
accepted definition. America Risk Society (1981) pointed out that scholars from different backgrounds defined risk from 
their points, and it was nearly impossible to unify these definitions[6]. Presently, risk basic theory research is still lacking in 
China. Some academics have suggested a risk element theory[7] which specializes the definition, content, structure and 
methods of risk. 
Although, it is hard to find a generally accepted definition of “risk”, there is a consistency about the nature of risk. It is 
generally considered to be kind of uncertainty descriptions for future loss. Kaplan[8] made a great contribution for this. He 
pointed out that although it is hard to make a universally accepted definition for risk, however, the answers to the following 
questions reflect three aspects of risk: 
(1) What can go wrong? 
(2) How likely will it happen? 
(3) If it happens, what are the consequences? 
Thus, risk can be formulated as follows 
 , ,R f I P C             (1) 
where R is risk; I is incident that may happen and result in undesired outcomes; P is probability; C is consequence. When 
we focus on a definite incident, the risk will be a function of P (probability) and C (consequence). 
2.2.Elements of natural disaster risk 
It is considered that disaster-inducing factor; disaster-pregnant environment and disaster-bearing body are three 
indispensable aspects to promote the development of a disaster[9]. From a historical perspective, they have been always in 
an interaction and balance state. When the balance is broken, disaster will be triggered. The study on risk definition 
promotes and deepens the understanding of natural disaster risk. Therefore, the risk of natural disasters can be concluded a 
function of probability and consequence of this event. That is to say, natural disaster risk covers two main elements- 
possibility elements and consequence elements. 
 Possibility elements. 
Whether a natural disaster happen or not or the likelihood of occurrence is fundamentally affected by the decision of the 
disaster-inducing factor, which is the source of the risk of natural disaster events. Therefore, it can be defined as the 
possibility of element of natural disaster risk. It is a natural variation, with no relationship with human existence, like 
precipitation in flood/drought disaster. With the advances in technology, we can deeply understand its principle and the 
occurrence process, but we could not prevent its occurrence, or even fully control its frequency and intensity. The greater 
the occurrence possibility, the possibility of economic property and loss of life will be greater; the greater its strength, the 
damage to human social system will be greater. For this property of disaster-inducing factor, hazard can be used to describe 
and it is the possibility element of natural disaster risk. 
 Consequence elements. 
The existence of risk source does not mean the existence of a real risk. Therefore, the hazard is just a part of disaster risk. 
Disaster risk needs its subject- human beings and their social and economic activities. Disaster risk will not exist without 
socio-economic activities. Only if the subject existed, could a natural disaster develop. For example, only precipitation 
occurred in the place of human activity will it be possible to form flood disaster. Otherwise, it is just a hazard. Therefore, 
the human beings, human activities and natural resources and environment carrying human decide the consequences of 
natural disaster. We will use “vulnerability” to elaborate this property. To some extent, human factors play a very important 
role in the vulnerability of the region. Hazards with similar frequency or intensity may result in very different. Therefore, 
staff education and training, regional rational planning and other measures will be helpful to improve regions’ disaster- 
bearing capacity and natural disaster risk reduction. 
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3.Risk assessment process on natural disaster 
According to basic elements of natural disaster risk, a conceptual model for natural disaster risk assessment can be 
created which is divided into three steps- hazard analysis, vulnerability assessment relative to the outcomes and the 




















Fig. 1. Conceptual model for natural disaster risk assessment. 
3.1.Hazard analysis 
If a natural disaster occurs, a potential hazard must exist. It is the original source, which is definite and absolute. With the 
advancement of research, the triggering mechanism of disaster has been more deeply understood. It becomes feasible to 
predict the occurrence probability with some methods like fuzzy mathematics. 
The main task of step 1 is to identify probabilities of different natural disaster levels. Qualitative and quantitative methods 
can be used. Therefore, the probability theory is considered to be an effective tool.  
Probability is usually separated into objective probability and subjective probability. In order to calculate objective 
probability, an event has to be divided into some basic sub-events. Through adding the probability of each sub-event, the 
final result is obtained. It usually based on a series of experiments and lots of statistical data. However, a natural disaster is 
an unpredictable and unrepeatable event. It is impossible to perform experiments to collect sufficient data. A disaster can 
not either be divided into basic components because of its physical complexity. Hence, objective probability methods are 
not suitable for hazard analysis of natural disaster risk assessment. 
Another choice is the subjective, which mainly depends on the knowledge of experts in specific fields. The probability is 








Risk Assessment on Natural Disaster 
Hazard Analysis 
Vulnerability Assessment 












99 DU Xiaoyan and LIN Xiaofei /  Procedia Engineering  45 ( 2012 )  96 – 100 
0 and 1. The accuracy is susceptible in this situation, so efforts should be made to improve traditional numerical models or 
explore new mathematical models to increase the accuracy. With the advances of computer technology, Artificial 
Intelligence Model, Nerve Net Model, Monte Carlo, etc have been introduced into subjective probability study. For example, 
Information Diffusion Model[10] based on fuzzy mathematics has been adopted to analyse flood/drought hazard in 
Tianjin[11], which presents a practical method for natural disaster hazard assessment through optimizing historical data. 
3.2.Vulnerability assessment 
As we mentioned above, the presence of a potential hazard is not sufficient by itself to determine a disaster if it is not 
correlated with actual damages. Vulnerability is used to describe the conditions or elements at risk which usually determine 
the potential impacts or loss. Therefore, the risk of a natural disaster can be viewed as a product of hazard probability and 
vulnerability. Vulnerability reveals the disastrous outcomes, involving loss of lives, injuries, property damages, and so on. 
Although vulnerability is a key issue in understanding disaster risk, the quantification of vulnerability assessment is less 
advanced than hazard analysis[7]. 
The word “vulnerability” was originally derived from its Latin root vulnerary meaning “to wound”, and the concept of 
vulnerability was first used in the field of environmental ecology, referring to an ecosystem’s non-reversible conversion 
from one state to another. The ecology vulnerability and groundwater vulnerability have been studied in China since 1960s. 
And the study on natural disaster vulnerability has begun to receive attentions since 1980s. However, it was difficult or 
perhaps impossible to define a universal concept or/and to condense the concept to a single equation. 
Vulnerability is not only an intrinsic characteristic. The coping and recovery should also be part of it. Therefore, 
Vulnerability assessment should focus on the factors - human or environmental origin, which together or separately, drive 
and shape the vulnerability of the receptor, e.g., a community or ecosystem.  
Because of the complexity of vulnerability, a set of indicators and indices has usually been launched to measure 
vulnerability. Indicators for measuring vulnerability need to be linked, weighted and developed. Synthesis assessment 
approaches can then be used to measure vulnerability. In order to lessen errors in the process of vulnerability assessment, a 
combination idea was used in this paper to optimize traditional synthesis. For example, AHP (Analytic Hierarchy Process) 
and entropy were simultaneously used to weigh indicators which respectively present subjective and objective weight[12]. 
3.3.Risk assessment 
Risk is related to the likelihood of occurrence and the potential consequences. It ultimately serves the purpose of 
providing reliable guidance for decision makers with regard to their safety performance.  
Risk is the integration of hazard and vulnerability, which is conceptually appropriate and widely accepted. Risk matrix 
has hence been introduced. For example, a 5×5 matrix is shown in Table 1. If the hazard is classified into five classes and 
the vulnerability is also such classified, a risk matrix can be accordingly constructed. Therefore, the degree of the hazard 
and that of the vulnerability are summed up to yield the region’s risk degree. 
Table 1. Example of risk matrix with ten classes
vulnerability hazard 1 2 3 4 5 
1 2 3 4 5 6
2 3 4 5 6 7
3 4 5 6 7 8
4 5 6 7 8 9
5 6 7 8 9 10 
4. Conclusions 
Human’s survival in natural disaster is an important issue for sustainable development. Through analysing risk elements 
of natural disaster, we create a conceptual model for natural disaster risk assessment which includes hazard analysis, 
vulnerability assessment and risk. Hazard analysis is mainly to identify probabilities of different levels of a natural disaster
while vulnerability assessment focuses on the factors, be of human or environmental origin, which together or separately, 
drive and shape the vulnerability of the receptor. And to combine the likelihood of occurrence and the potential 
consequences is just the task of the third step.  Although some researches have been made for hazard analysis and 
vulnerability assessment, there is still a great lack of studies on their combination. A common methodology to identify and 
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measure disaster risk has not yet been sufficiently developed. 
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